Pulmonary valvotomy by the closed transventricular technique was introduced as an alternative to the Blalock-Taussig operation in Fallot's tetralogy (Brock, 1948) and for relief of pulmonary stenosis in the presence of a closed ventricular septum (Brock and Campbell, 1950) . In Fallot's tetralogy, at least until closure of the ventricular septal defect became feasible, some residual pulmonary stenosis was considered desirable. With a normal aortic root, however, complete relief of the stenosis was sought. It was soon found that this could not always be achieved at operation and for this three main reasons have been suggested. Kirklin et al. (1953) , reporting twelve cases of transventricular pulmonary valvotomy, discussed the possibility that right ventricular hypertrophy might result in secondary stenosis in the infundibular region. Brock (1955) , in an account of control mechanisms in the outflow tract of the right ventricle following a careful study extending over seven years, described and illustrated with pressure records secondary infundibular stenosis after pulmonary valvotomy. He discussed two factors responsible for this, the first mechanical, particularly in the region of the greatly enlarged crista supraventricularis, the second an exaggeration of the infundibular muscle tonus that normally functions to support the pulmonary valve ring. He suggested that, when this condition prevented complete relief of right ventricular hypertension, even a partial relief might suffice to allow regression of right ventricular hypertrophy and thus of secondary infundibular obstruction.
Pulmonary valvotomy by the closed transventricular technique was introduced as an alternative to the Blalock-Taussig operation in Fallot's tetralogy (Brock, 1948) and for relief of pulmonary stenosis in the presence of a closed ventricular septum (Brock and Campbell, 1950) . In Fallot's tetralogy, at least until closure of the ventricular septal defect became feasible, some residual pulmonary stenosis was considered desirable. With a normal aortic root, however, complete relief of the stenosis was sought. It was soon found that this could not always be achieved at operation and for this three main reasons have been suggested. Kirklin et al. (1953) , reporting twelve cases of transventricular pulmonary valvotomy, discussed the possibility that right ventricular hypertrophy might result in secondary stenosis in the infundibular region. Brock (1955) , in an account of control mechanisms in the outflow tract of the right ventricle following a careful study extending over seven years, described and illustrated with pressure records secondary infundibular stenosis after pulmonary valvotomy. He discussed two factors responsible for this, the first mechanical, particularly in the region of the greatly enlarged crista supraventricularis, the second an exaggeration of the infundibular muscle tonus that normally functions to support the pulmonary valve ring. He suggested that, when this condition prevented complete relief of right ventricular hypertension, even a partial relief might suffice to allow regression of right ventricular hypertrophy and thus of secondary infundibular obstruction.
Comparing their results of transventricular pulmonary valvotomy and ofthe open procedure Swan et al. (1954) expressed the view that inadequate valvotomy was the usual cause of failure to reduce right ventricular pressure with the closed technique. They contrasted the complete relief obtained in every one of five open operations in which they performed pulmonary valvotomy through the pulmonary artery, using hypothermia, and concluded that hypertrophy of the right ventricle was not a cause of outflow obstruction. The same group, however, found later that open valvotomy did not always completely remove the systolic gradient between right ventricle and pulmonary artery (Blount et al., 1957) and agreed that this was sometimes due to infundibular obstruction which, they observed, was capable of regression. Campbell and Brock (1955) suggested a third explanation of residual stenosis, namely that the valve ring itself and the outflow tract were small. They noted that, in spite of a high residual gradient following valvotomy, the clinical improvement and the diminution of right ventricular strain were better than they had expected. In one such case the right ventricular pressure was found to have fallen further at recatheterization a year after operation. McGoon and Kirklin (1958) have reported further experience with transventricular and open pulmonary valvotomy. They found that, in some patients, infundibular stenosis demonstrated by catheterization within a few weeks of operation had regressed completely twelve to eighteen months later. The existence of infundibular obstruction after valvotomy appeared to add to the hazards of the post-operative period. Engle et al. (1958) reported regression of hypertrophic infundibular stenosis in three cases within a year of open pulmonary valvotomy: they considered these results implied that "it is unnecessary to resect portions of the right ventricular outflow tract under these circumstances". Not everyone agrees with this view at present. Lillehei (1958) has suggested that any surgical technique for the relief of pulmonary stenosis must allow of ventriculotomy for infundibular resection should severe infundibular obstruction be revealed after valvotomy. The matter remains controversial regarding both the question of infundibular muscle resection and the degree of regression with the passage of time.
The present study was designed to determine the incidence of hypertrophic infundibular stenosis and its immediate and remote prognosis, after valvotomy. (Table I) . In seeking criteria by which the supervention of infundibular stenosis following pulmonary valvotomy might be predicted, age, right ventricular systolic pressure, the electrocardiogram, and the cardiothoracic ratio were considered.
With increasing age there was a steady increase in the proportion of cases showing infundibular stenosis. In the first decade 10 of 15 (66%) showed it; in the second decade 23 of 31 (74%); and in the third decade 11 of 13 cases (85%).
It is generally agreed that this complication does not occur in mild cases of pulmonary valve stenosis. Average right ventricular systolic pressure at pre-operative cardiac catheterization was 155 mm. Hg, with extremes of 109 and 238 mm., in the group with infundibular stenosis; and 125 mm., with extremes of 77 and 190 mm.; in the group without it.
In the electrocardiograms, the mean height of the R wave in lead VI was 28 mm. in the group with infundibular stenosis and 16 mm. in the group without it. . The proportion of cases showing infundibular stenosis rose with increasing severity of cardiographic changes, whether R-wave voltage in Vl or T-wave inversion in leads VI, 2 and 3 was the criterion used ( Fig. 1) . The cardiothoracic ratio was unhelpful, the average in the group with infundibular stenosis being 51 per cent (extremes 3900 and 67%) compared with 56 per cent in the other group (extremes 3500 and 69%).
Thus, the older the patient and the more severe the electrocardiographic changes and the right ventricular hypertension, the more likely is secondary infundibular stenosis to occur.
The severity of the obstruction at the infundibular site, after valvotomy, was related to the height of the preoperative right ventricular systolic pressure (Fig. 3) .
IMMEDIATE POST-OPERATIVE PROGNOSIS
This appeared to bear some relation to the right ventricular systolic pressure immediately following the operative procedure, whether this was valvotomy alone or accompanied by infundibular resection. A right ventricular systolic pressure about 100 mm. Hg seemed critical (Table II) . Six of ten patients in whom it was higher than this showed persistent systemic hypotension and evidence of right ventricular failure. Two of them died about a day after operation.
On the other hand, of 58 patients whose pressure was reduced below 100 mm. Hg, only four showed congestive heart failure post-operatively and all these recovered. Six post-operative deaths occurred in this group but in none of these were the features of right ventricular obstruction evident. xXX XI Some degree ofright ventricular hypertrophy was still evident in them all as a left parasternal lift (grade one to two out of four). The pulmonary systolic murmur proved a useful guide to the degree of residual stenosis. Three cases had developed pulmonary diastolic murmurs since operation (Cases 7, 9, and 10, Table III) .
A pathologically large a wave in the jugular venous pulse, which all had before operation, was still present in two. In one of these (Case 6, Table III) severe pulmonary valve stenosis had been relieved one year before and moderate stenosis, greater at infundibular than at valvar level, remained. In the other, a girl aged 23 (Case 7, Table III), severe valvar stenosis had been relieved seven years before, leaving moderate stenosis almost entirely at infundibular level: she now showed very mild valvar stenosis only, but how long she had taken to regress from moderate to mild is unknown. The persistence of a large a wave and marked cardiographic changes (Fig. 4) may suggest that the regression at infundibular level had not long been complete; but the presence of pulmonary regurgitation may have had some influence.
Electrocardiographic progress was shown best by R-wave voltage in lead VI. Cases with moderate or severe changes before operation have shown improvement while those with initially mild cardiographic signs showed little or no change (Fig. 2) .
T-wave changes, as in the case mentioned above, are difficult to interpret. They have not, on the whole, improved in parallel with the R wave. It is thought that persistence of T-wave inversion may, in some cases, be attributed to post-operative pericardial reaction with associated permanent epicardial changes, though in others it mnay be due to irreversible fibrotic changes in the muscle of the right ventricle. There are, of course, cases where the T-wave and R-wave regression occur together (Fig. 5 , Case 10, Table III) .
Radiologically the lung-fields in all cases have appeared better vascularized. The cardiothoracic ratio (Fig. 6 ) has diminished in those where it was initially high. An exception was Case 7 (Table III) , whose cardiothoracic ratio was 54 per cent at operation and 56 per cent seven years after operation, despite virtually complete relief of stenosis, probably because of pulmonary regurgitation. In another case with pulmonary regurgitation the cardiothoracic ratio has remained unchanged (51%) for three years. In a third the ratio has increased from 45 before to 49 per cent three years after. In all these cases stenosis has been almost completely relieved.
Hamodynamic Studies. Changes in right ventricular systolic pressure between operation (immediately after valvotomy) and the post-operative cardiac catheterization in these and eight other cases in whom the figures were available, are seen in Fig. 7 . Of four residual pure valvar gradients two were unchanged, one had increased (presumably due to higher flow at the post-operative catheterization) and one had remained constant but was now accompanied by an infundibular gradient in addition. Where the post-valvotomy gradient was mixed (10 cases) or infundibular only (5 cases), the total gradient and thus the right ventricular systolic pressure, has shown a further fall since operation.
Eight of the eleven selected cases showed complete regression of infundibular stenosis despite some residual valve stenosis in four (mild in two, moderate in two). Three have shown incomplete regression. In two this was associated with moderate residual valve stenosis, one after one year, the other after four years (Cases 6 and 1, Table III ). In the other (Case 11), twenty-one months had elapsed since complete relief of valve stenosis. All three of these cases survived right ventricular systolic pressures of over 100 mm. Hg following pulmonary valvotomy, one with and two without post-operative right ventricular failure. Studies on the cardiac output at rest and during exercise in these cases are continuing and will be reported. At the present time it can be said that resting cardiac output, which was low or low-normal before operation in all cases, has shown no consistent change. Further, the response to exercise was still abnormal in more than half of these cases, even when residual stenosis was very mild. DISCUSSION Judged by the criterion of right venticular systolic pressure (Wood, 1956 ) at pre-operative cardiac catheterization there were no mild cases in this group. Of the fifty-five catheterized before operation, four were moderate and fifty-one were severe. There has been no lessening in the severity of cases offered for surgery over these years, which illustrates the point that relief of pulmonary stenosis is still generally recommended only when, by all criteria, it is severe.
The incidence of secondary infundibular stenosis in this series is rather higher than that reported by McGoon and Kirklin (1958) . In patients who had undergone transventricular valvotomy they found infundibular stenosis, in addition, in 22 per cent of children and in 64 per cent of those aged fifteen years or more. The higher incidence (77°/%) in our open as compared with our closed valvotomy cases (51 %) may reflect a somewhat more complete valvotomy by the open technique. This would allow better right ventricular emptying and so favour the appearance of infundibular stenosis through closer apposition of the walls of the outflow tract in systole
In the present series a persistently raised right ventricular systolic pressure exceeding 100 mm. Hg after the operation appeared to have prognostic significance. In the post-operative period it was associated with a high morbidity and mortality from systemic hypotension and right ventricular failure. Regarding the long-term prognosis, three out of eleven cases specifically studied to assess regression of infundibular stenosis showed incomplete regression. These were the only three in whom the operation had not reduced right ventricular systolic pressure to 100 mm. or less. It is of interest that the same pressure was considered critical by Hosier et al. (1956) , who studied the results of pulmonary valvotomy in 69 children, 17 of whom had cardiac catheterization before and after operation. They found that, in patients whose right ventricular systolic pressure was reduced below 100 mm., even though it remained above 60 mm., the heart showed a decrease in size and thereafter remained constant as the child grew. Thus, over a period of years, the cardiothoracic ratio returned to normal. In contrast, in three patients where it remained above 100 mm. after operation, their hearts and chests grew proportionately, so that cardiac enlargement persisted in these cases. Similar observations were made regarding electrocardiographic improvement in the two groups.
Thus persistence, after pulmonary valvotomy, of a right ventricular pressure exceeding 100 mm. may be suggested as an indication for infundibular resection since both the immediate and the remote prognosis appear to be adversely affected. It seems clear, however, that a wide resection is necessary for adequate relief of hypertrophic infundibular stenosis and to achieve this ventriculotomy is needed. This procedure in itself may well add to the hazards of the post-operative period and it remains to be seen at what level of right ventricular hypertension the risk of leaving this unrelieved comes to exceed the risk inherent in ventricular incision and muscle resection.
The finding of an abnormal response of the heart to exercise in more than half of the cases so far studied suggests irreversible myocardial damage, presumably resulting from the years of severe stenosis. It is in accordance with the macroscopic and histological finding of diffuse fibrosis of the right ventricular myocardium previously reported in such cases (Allanby and Campbell, 1949) . Wood (1958) has suggested that a right ventricular systolic pressure of 50 or 60 mm. Hg might now be taken to indicate valvotomy. Our findings lend support to a plea for operation upon milder cases than have hitherto been considered in need of relief and for earlier operation in severe cases. A right ventricular systolic pressure exceeding 100 mm. Hg after valvotomy appeared to affect adversely both the immediate post-operative and the long-term prognosis.
Regression of hypertrophic infundibular stenosis with the passage of time after valvotomy has been demonstrated. It appears that this may be incomplete when the right ventricular systolic pressure exceeds 100 mm. Hg after valvotomy, but otherwise it is complete. The question of infundibular resection is discussed in the light of these findings
The response to exercise in some of these cases, even after virtually complete relief of stenosis was still abnormal. Fuller details of this will be reported later.
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